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Abstract
In the 1990s, the first disease-modifying therapies (DMTs) for multiple sclerosis (MS) were injectable immunomodulatory (IM) 
drugs, including four different interferon-β preparations and glatiramer acetate. Since 2000, more than 15 immunosuppressant 
(IS) drugs have been used, with a more or less specific action on inflammation. These include monoclonal antibodies targeting 
CTL4, the integrin receptor, the interleukin (IL)-2 receptor, CD19, CD20, CD52, and the sphingosine 1 phosphate family. The 
association between MS and cancer has long been investigated but has led to conflicting results. No studies have reported an 
increased risk of cancer after long-term exposure to IM. Several reports suggest an increase in cancer risk among MS patients 
treated with IS such as mitoxantrone, azathioprine and cyclophosphamide. Because of their action on the immune system, and 
due to a lack of available long-term data, a special warning of the potential risk of cancer accompanies the use of recent IS such 
as cladribine, fingolimod, natalizumab or alemtuzumab. In most studies, factors such as diet, smoking, solar radiation, and 
hormone therapy, all of which influence cancer risk, have not been considered. For fingolimod, natalizumab, alemtuzumab, 
dimethyl fumarate, teriflunomide, daclizumab and ocrelizumab, risk management plans outlined by regulatory agencies are 
mandatory. They allow prospective detection of some red flags, in particular those for the increased risk of cancer. We review 
the current evidence behind the increased risk of malignancy in MS patients receiving DMTs, and provide an overview of the 
DMTs that are currently in use and those in clinical trials. The known risks and benefits of these therapies will be considered.
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Key Points 

Long-term management of MS with DMTs has been 
associated with a number of safety concerns, such as an 
increased risk of developing cancer.

Neurologists need to discuss with the patient the neces-
sary surveillance measures, including careful screening 
and frequent monitoring, which are required to manage 
the increased risk of cancer. This should take into account 
long-term safety/toxicity and the consequences of contin-
ued exposure to multiple drugs.

The risk of cancer for individuals with MS exposed to 
immunosuppressants (IS) seems to be related to the dura-
tion of exposure and cumulative dose, not to a specific IS.

1  Introduction

Multiple sclerosis (MS) represents one of the major causes 
of neurological disability, especially in young adults. This 
disorder is known to be more common among Caucasian 
populations, particularly those of Northern European ances-
try, and is three times more common in women than in men. 
The peak age at onset, for most of the cases, is between 
20 and 50 years. Diagnosis is based on clinical history and 
physical examination, and requires dissemination of signs 
and symptoms in space and time [1]. In addition, magnetic 
resonance imaging (MRI) should show evidence of white 
matter plaques in the periventricular, juxtacortical/cortical 
or infratentorial regions of the brain or in the spinal cord [2].

The natural history of the risk of cancer has been stud-
ied and seems to not be increased, but most studies do not 
consider genetic susceptibility or environmental exposure [3, 
4]. As for other autoimmune diseases, this chronic condition 
and risk of disability due to relapse has enhanced therapeutic 
research into prevention of the development of inflammatory 
attacks of the central nervous system. The impact of prolonged 
exposure to various disease-modifying therapies (DMTs) has 
been studied. In the 1980s, treatments were mostly based on 
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corticosteroid pulses and either off-labeled oral azathioprine, 
methotrexate, or cyclophosphamide. Ten years later, neurolo-
gists saw an incredible development of the therapeutic arsenal, 
with the possibility of using an escalating strategy. First-line 
treatments include immunomodulatory (IM) drugs such as 
subcutaneous (SC) or intramuscular interferon (IFN)-β, or SC 
glatiramer acetate, while for patients with a more aggressive 
disease course or who do not respond to first-line treatments, 
immunosuppressants (IS) such as intravenous mitoxantrone 
have been used. There has been a lot of discussion about using 
an induction strategy with IS versus an escalation strategy [5]. 
The years 2000s are marked by the introduction of new fami-
lies of IS with a more specific mechanism of action, includ-
ing monoclonal antibodies such as natalizumab, or sphingo-
sine 1 phosphate (S1P) inhibitors such as fingolimod. Since 
2010, new drugs have been made available each year, favoring 
either more specific mechanisms of action, including an anti-
interleukin (IL)-2 receptor (daclizumab), anti-CD52 (alemtu-
zumab), anti-CD20 (rituximab, ocrelizumab), more selective 
anti-S1P receptors (ozanimod, ponesimod, siponimod), or oral 
administration such as teriflunomide, dimethyl fumarate, or 
cladribine. Since more than 23 drugs are available, it is pos-
sible to switch from one to another in the case of inefficacy or 
non-compliance; the question of whether or not these drugs 
increase the risk of cancer, and which ones, has been raised. 
Another important issue for consideration is what to do for MS 
patients with a history of cancer who need DMT, or patients 
who develop cancer when under a DMT.

An overall review of the available data on cancer in MS 
patients, as well as a review of each DMT is provided.

2 � Methodology

An extensive search of PubMed (1 January 1980 to 31 March 
2018) was performed using the following keywords: multiple 
sclerosis, cancer, tumor, lymphoma, interferon β, glatiramer 
acetate, azathioprine, mitoxantrone, daclizumab, fingolimod, 
natalizumab, cyclophosphamide, rituximab, ocrelizumab, 
teriflunomide, dimethyl fumarate, immunomodulators, and 
immunosuppressants. Complementary information was also 
implemented upon request on Vigibase®, the World Health 
Organization’s (WHO) pharmacovigilance database, through 
Vigilyze®. Vigibase® is continuously updated with incom-
ing individual case safety reports (ICSRs) from worldwide 
national medicine agencies. Queries were performed using 
each pre-cited DMT and the system organ class (SOC; from 
the Medical Dictionary for Regulatory Activities [Med-
DRA]) ‘Neoplasm benign, malignant and unspecified’ from 
drug launch to 31 March 2018.

3 � Cancer Risk in Multiple Sclerosis (MS)

A systematic review of the incidence and prevalence of can-
cer in MS performed up to 31 March 2018 gathered together 
38 studies and concluded that cervical, breast, and digestive 
cancers had the highest incidence. The risk of meningiomas 
and urinary system cancers appeared higher than expected, 
while the risk of pancreatic, ovarian, prostate, and testicular 
cancer were lower than expected [6]. The impact of age, 
ethnicity, and sex are usually poorly considered.

An analysis of population-based data reported a signifi-
cantly decreased risk of cancer in MS patients compared 
with the general population [7–9]. However, conflicting data 
exist showing no difference in risk [3, 10] or an increased 
risk of cancer in MS patients [4], which may be due to differ-
ences in the study design or methods of case ascertainment 
[11]. Kingwell et al. raised the important concern regarding 
patients with MS who may experience a delay in diagnosis, 
which leads to a more advanced cancer at diagnosis, even 
if they normally benefit from closer neurological follow-up 
[12].

Antitumor immunosurveillance may provide a physiolog-
ical explanation for the reduced cancer risk in MS patients 
[13, 14]. Indeed, autoimmunity is a form of hypervigi-
lance against self-antigens, and may be one of the mecha-
nisms leading to the development of MS. Further studies 
are required to address this issue, including investigation 
into the properties of the lymphocytes of MS patients. For 
most cohorts, there is no relevant difference in cancer risk 
between men and women [15–18]. A family history of MS 
or other autoimmune diseases has been associated with a 
higher risk of MS, suggesting a common genetic background 
or shared environmental triggers, influencing the occurrence 
of MS and cancer [19]. In most studies, there is no con-
sideration of familial susceptibility to develop cancer or of 
exposures to toxic agents such as alcohol or tobacco, or the 
effect of physical activity or diet. MS and cancer have been 
reported in a BRCA1 (BReast Cancer 1)-positive family, 
further suggesting in some cases the role of genetics and 
hereditary factors [20].

4 � Disease‑Modifying Therapies (DMTs) 
in MS

4.1 � Cohort Studies and Registries during the DMT 
Era

National MS databases or registries usually contain a very 
low number of patients with cancer. This points out the fact 
that information gathered from spontaneous reports may 
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underestimate the number of actual events. It also under-
lines the fact that physicians do not systematically report 
the occurrence of cancer associated with treatment for MS. 
For the oldest DMT, the number of reports of cancer was 
probably underestimated. In contrast, a dedicated database 
for new MS DMT, which has been made available since 
2005, mentions in the extension phase of pivotal studies the 
existence of some cases of cancer, without a relationship to 
causality, but this has to be confirmed with a longer period 
of follow-up.

The French CARIMS (CAncer Risk In Multiple Scle-
rosis) study reported a threefold increased risk of cancer 
(p1⁄40.0035) among 7418 patients with a history of immu-
nosuppressive therapy, with a mean follow-up of 11.5 years. 
The univariate analysis found a significant effect with aza-
thioprine (p1⁄4 0.001), but not with cyclophosphamide or 
mitoxantrone [19]. Matched for age, the risk of cancer in MS 
was associated with the duration and type of IS treatment. 
Dose- and duration-dependent azathioprine-related toxicity 
has already been reported in MS patients [21].

In a recent Italian study, the cancer risk was higher in MS 
patients associated only with previous IS exposure compared 
with rates observed among an equal number of patients not 
exposed to IS, and to the risk in the general population in 
Sicily for similar age groups (adjusted hazard ratio 11.05, 
95% confidence interval [CI] 1.67–73.3; p = 0.013) [17]. 
The risk of cancer observed in individuals with MS exposed 
to IS seems to be related to the duration of exposure and the 
cumulative dose, not to a specific IS. There is also a declara-
tion bias to consider since MS patients reporting cancer were 
also more likely to have used a DMT.

A French case-control study reported that among MS 
patients, 7.32% presented with a cancer, compared with 
12.63% of controls, confirming that the use of DMT, what-
ever the disease course, does not appear to increase the risk, 
even when tobacco and alcohol consumption were consid-
ered (p = 0.42) [9].

4.2 � Immunomodulators

In the mid-1990s, IFN-β and glatiramer acetate were the first 
IM drugs approved for MS.

4.2.1 � Interferon‑β

Preclinical data provided for marketing authorization 
reported no cancer risk was identified. Data extracted from 
postmarketing surveillance in the WHO international data-
base Vigibase®, using the Vigilyze® application, found 
9774 ICSRs from first launch in 1994 to 31 March 2018. 
Of these cases, 1276 were breast cancers, 553 were uter-
ine cancers, and 491 were unspecified cancers. A report 
assessed whether IFN-β treatment for MS was associated 

with a cancer risk or the risk of specific cancers in a British 
Columbian population-based observational study with an 
average of 9.5 years of follow-up [23]. The cohort included 
5146 relapsing-onset MS patients and 48,705 person-years 
of follow-up, during which 227 cancers were diagnosed. 
Exposure to IFN-β was not significantly different for cases 
and controls (odds ratio [OR] 1.28, 95% CI 0.87–1.88). 
There was a non-significant trend towards an increased risk 
with IFN-β exposure for the breast cancer cases (OR 1.77, 
95% CI 0.92–3.42), but no evidence of a dose–response 
effect. The size of tumors was similar for the IFN-β treated 
and non-treated cases. This is in agreement with the French 
study, which included MS patients, with or without cancer, 
who were followed in 12 MS centers and were included in 
the European Database for MS; the findings revealed no 
increased risk of cancer with exposure to any of the IFN-β 
preparations [24].

These findings contrast somewhat with those from a 
smaller study from Israel, which included 1338 MS patients 
(15 of whom developed cancer when receiving DMT), and 
showed a borderline association between a non-breast cancer 
risk and IFN-β treatment without reaching statistical signifi-
cance [23]. Two industry-sponsored studies have reported no 
malignancy risk with IFN-β-1a (intramuscular) or IFN-β-1a 
(SC) treatment [26, 27]. These data were supplemented with 
information from clinical trials or an insurance claim data-
base. In both situations, the observation period was likely 
too short to rule out a cancer risk (2–3 years).

4.2.2 � Glatiramer Acetate

Glatiramer acetate (Copaxone®; Teva Pharmaceutical Indus-
tries Ltd, Kansas City, MO, USA), an injectable polypeptide 
IM agent, is currently approved for the treatment of relapse-
remitting MS (RRMS). Although the exact mechanism of 
action remains unknown, glatiramer acetate appears to alter 
the immune function by acting on CD8+ T cells, antigen-
presenting cells, monocytes, and B cells, and by altering 
T-cell differentiation. The Summary of Product Character-
istics (SmPC) of the European Medicines Agency (EMA) 
provided information on the risk for cutaneous cancers. A 
total of 1122 cases were reported in Vigibase® from 1999 to 
31 March 2018, with 205 breast cancers, 54 lymphomas, and 
53 malignant melanomas, but with only 20 skin cancers. A 
recent case report described a case of a 43-year-old woman 
who presented with recurrence of stage IIIb melanoma while 
receiving glatiramer acetate. Spontaneous resolution was 
observed after drug withdrawal [28].

In the Israeli study, female MS patients treated with glati-
ramer acetate showed an elevated number of breast cancers 
[25]. These results were not confirmed later, but another 
study demonstrated a higher degree of co-expression of 
lymphocyte (regulatory T cell) populations in tumors with 
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a high histological grade, negative estrogen receptor sta-
tus, and increased lymphocytic infiltration [29]. These data 
suggest that further study is warranted to help elucidate the 
possible connections between breast cancer prognoses in 
patients with MS treated with glatiramer acetate.

In the British Columbian cohort, 2.6% of the 233 cases 
had a history of exposure to glatiramer acetate, and their 
treatment history did not differ from the controls (OR 1.06, 
95% CI 0.46–2.49), especially for breast cancer [23]. This 
has also been described in the French CARIMS study, in 
which no increased risk was described, even with long-term 
exposure [24]. Several T-cell-mediated skin conditions have 
been associated with the use of glatiramer acetate, such as 
pseudolymphoma, including drug eruptions, and erythema 
nodosum. A CD30+, primary, cutaneous, anaplastic, large-
cell lymphoma that developed after initiation of glatiramer 
acetate therapy has been reported [30].

In accordance with current knowledge regarding classi-
cal IM, there is no increased risk of cancer in patients who 
received first-line DMT [23, 24]. These findings are reas-
suring for the real-world clinical setting; the overall cancer 
risk does not appear to be increased by exposure to IFN-β 
or glatiramer acetate in either men or women with MS. Nev-
ertheless, healthcare professionals should pay attention to 
performing careful follow-up, reassuring MS patients but 
encouraging regularly check-ups with specific specialists, 
such as gynecologists or dermatologists.

4.3 � Immunosuppressants (IS)

Fewer studies have focused on the impact of IS on cancer 
risk in MS patients. Some studies suggest an increased can-
cer risk for patients who received azathioprine, cyclophos-
phamide, or several IS lines of treatment [21, 24]. Another 
study recently showed that the overall incidence of malig-
nancies was only slightly increased in patients who received 
mitoxantrone, except for the risk of leukemia and colorectal 
cancer, which was higher [29]. Notwithstanding, the can-
cer risk of such treatments is well known for indications 
other than MS [31, 32]. Rheumatoid arthritis or Gougerot 
Sjögren patients receiving methotrexate have an increased 
risk of lymphoma, but it seems that this risk is linked to the 
disease and not its treatment [33]. This once again suggests 
that what has been described in some autoimmune diseases 
cannot be extended directly to MS. The possibility that MS 
patients may hold a protective status against cancer, as has 
been hypothesized for immune-mediated diseases, but a 
higher intrinsic susceptibility to cancer if exposed to DMT, 
has not been confirmed [6].

The risk of developing cancer, observed in individuals 
with MS exposed to IS, seems to be related to the duration 

of exposure and the cumulative dose, but not to a specific 
IS. This could be related to the fact that some of these drugs 
are classified as IS but have an IM effect. It is noteworthy 
that several DMTs are also used, or are being evaluated for 
their potential antitumor activity. Examples include dimethyl 
fumarate, which induces necroptosis in colon cancer cells 
[34]; fingolimod, which is being tested for the treatment of 
various cancers to increase the efficacy of other drugs [35]; 
and teriflunomide, which has been shown to have antican-
cer activity against triple-negative breast cancer cells [36]. 
Mitoxantrone is a well-known antineoplastic drug. Cladrib-
ine can be associated with alemtuzumab, based on its epi-
genetic properties for the treatment of lymphoid leukemia, 
reversing the histone deacetylase (HDAC) resistance of this 
disease [37, 38]. Thus, DMTs may inhibit cancer develop-
ment in some cases, although they are administered differ-
ently in oncological indications.

4.3.1 � Mitoxantrone (Elsep®)

Mitoxantrone is the only global cytotoxic IS validated for 
MS, but its cardiac and hematological toxicity limit its 
use to aggressive forms. The cumulative dose is limited to 
140 mg/m2 because of this cardiotoxicity. When treated with 
mitoxantrone, MS patients must be monitored for cardiac 
and hematologic abnormalities for at least 5 years [39]. In 
2005, subsequent to reports of leukemia, the US FDA insti-
tuted a ‘black box’ warning and National Health Authori-
ties were alerted to this risk. The SmPC also contains alerts 
and recommendations on careful patient monitoring every 3 
months during treatment and for up to at least 5 years after 
mitoxantrone discontinuation.

Extraction of cases from Vigilyze® to 31 March 2018 
identified 940 cases of cancer in mitoxantrone-treated 
patients, including 221 cases of acute leukemia and 89 cases 
of myelodysplastic syndrome. The previous Italian cohort 
concluded that the risk of treatment-related acute myeloid 
leukemia (TRAL) was higher than expected (27%) [39]. 
Although estimates of the incidence of TRAL after ther-
apy with mitoxantrone vary considerably, a meta-analysis 
of data from 15 recent large case series showed a 3-year 
mitoxantrone-related leukemia incidence of 0.33% in 5472 
mitoxantrone-treated patients with MS [40]. The meta-
analysis reported an increase in TRAL when patients were 
exposed to more than 60 mg/m2, with a mortality rate from 
leukemia of 24% [40]. A report from the American Acad-
emy of Neurology specifies a risk of 0.8% for TRAL [41]. 
Other case series reported lower rates of TRAL: in a class III 
retrospective study of 100 consecutive French patients who 
received induction with monthly mitoxantrone boluses for 
6 months (max 72 mg/m2), one patient (previously reported 
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in a larger cohort) developed acute myelogenous leukemia 
[42].

A retrospective observational cohort of 676 patients 
with a median follow-up of 8.7 years identified 37 patients 
(5.5%) with a malignancy after mitoxantrone initiation, 
revealing a standardized incidence ratio (SIR) of 1.50. 
The SIRs of colorectal cancer and acute myeloid leuke-
mia were 2.98 and 10.44, respectively, with no increase 
for other entities, including breast cancer [31]. An inter-
esting study demonstrated that single nucleotide polymor-
phisms in double-strand break repair genes might confer 
predisposition to leukemia. The association of homozy-
gous variants of BRCA2 and XRCC5 yielded a higher 
risk of TRAL as it may be linked to genetic variants in 
DNA repair and drug-metabolizing enzymes that result 
in impaired detoxification of chemotherapy or inefficient 
repair of drug-induced genetic damage [43].

4.3.2 � Fumaric Acid (Tecfidera®)

The mechanism by which dimethyl fumarate exerts thera-
peutic effects in MS is not fully understood, but studies 
demonstrated anti-inflammatory and IM properties by 
reducing immune cell activation and subsequent release 
of proinflammatory cytokines in response to inflammatory 
stimuli. Preclinical studies into carcinogenesis reported 
an increased incidence of renal tubular carcinoma and 
squamous cell papilloma, and carcinomas in the non-glan-
dular stomach (forestomach) of rodents. A recent French 
postmarketing survey from November 2017 cumulated 
32 reports of neoplasm, mainly of breast (8) and skin (2 
melanoma, 2 basocellular, 2 unspecified).

Data from the German Psoriasis Registry PsoBest 
identified an overall rate of serious adverse events of 
1.3/100 patient-years with conventional systemic drugs, 
and 1.5/100 patient-years with biological drugs; a lack of 
significant between-treatment differences was found for 
the rate (per 100 patient-years for conventional systemic 
drugs vs. biological drugs) of malignancies, excluding 
non-melanoma skin cancer (0.46 vs. 0.49) [44]. Few data 
are available regarding potential malignancies for MS 
patients receiving dimethyl fumarate; malignancies are an 
important potential risk of the risk management plan and 
remain a safety concern for close monitoring.

4.3.3 � Teriflunomide (Aubagio®)

This is a selective IS agent that reduces the lymphocyte 
count by inhibiting pyrimidine synthesis. Due to its IS 
effect, there is a theoretical risk of malignancy. This poten-
tial risk has been underlined in the SmPC (class effect). 

However, to date no sign of cancer has been identified in 
the preclinical and clinical data; teriflunomide was not 
found to be mutagenic in vitro or clastogenic in vivo, 
and no evidence of carcinogenicity was observed in rats 
and mice. The French postmarketing survey analysis per-
formed in December 2015 did not detect any red flags of 
cancer. To 31 March 2018, Vigilyze® identified 308 cases 
of cancer, again mostly breast (47) and skin (11) cancers. 
An isolated case of follicular lymphoma was reported in a 
54 year-old MS patient after 8 months of treatment [45].

4.3.4 � Fingolimod (Gilenya®)

Various case reports have related the occurrence of cancers 
in fingolimod-treated patients involving the lungs, brain, and 
hematopoietic and lymphatic systems, but mostly various 
types of skin cancers. Overall, 1864 cases of malignancies 
were reported in Vigibase® from 2006 to 31 March 2018, 
mainly consisting of cases of basocellular carcinoma (272), 
breast cancer (168), and multiple myeloma (132). Sphin-
golipids and sphingomyelin derivates, such as sphingosine, 
have attracted attention for their effect on epidermal cells. 
It has been demonstrated that some components may either 
inhibit or promote metastasis in a mouse melanoma model 
[46]. Malignant neoplasms were reported in four patients 
receiving 0.5 mg of fingolimod, four patients receiving 
1.25 mg of fingolimod (one breast cancer, one Bowen’s 
disease, and two skin cancers), and 10 patients receiving 
placebo. In the FREEDOMS (FTY720 Research Evaluat-
ing Effects of Daily Oral therapy in MS) study, a 24-month, 
double-blind, randomized study comparing fingolimod with 
IFN-ß-1a in 1033 patients (702 were enrolled in the fingoli-
mod group), 12 cancers (five basal cell carcinomas, four 
breast cancers, three melanomas) were reported, compared 
with one basal cell carcinoma in the IFN-β-1a group [47]. 
The use of drugs, such as fingolimod, which inhibit sphin-
gosine, raises the question of dermatological monitoring.

Two recent publications reported Merkel cell carcinoma 
(MCC), a rare and aggressive neuroendocrine skin cancer 
[48]. For these tumors, diagnosis was confirmed by a strong 
diffuse positivity of the MCPyV T-antigen (Merkel cell 
polyomavirus) on immunohistochemistry of a skin biopsy 
of the tumor. A causal connection between fingolimod and 
MCPyV-related MCC has been suggested to occur with the 
drug in association with both neoplasms and reactivation 
of viruses.

A Dutch study reported five cases of superficial spread-
ing of malignant melanoma, with a higher incidence than 
expected [49]. The recently published TRANSFORM (Trial 
Assessing Injectable Interferon Versus FTY720 Oral in 
RRMS) long-term follow-up study confirms these observa-
tions, showing an increased incidence of non-melanoma skin 
cancer (NMSC) and no increased incidence of melanoma 
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in patients followed for up to 4.5 years [50]. A case of 
cutaneous CD30+ T-cell lymphoma (CTCL) was recently 
described [51]. A few cases of lymphomatoid papulosis and 
B- and T-cell lymphoma, as well as a single case of acute 
lymphoblastic leukemia, have recently been published [52, 
53]. The causality of fingolimod in this case was suspected 
by the fact that the skin lesions appeared after the com-
mencement of treatment and resolved rapidly after discon-
tinuation of therapy. A case of Kaposi sarcoma, a low-grade 
skin tumor related to HHV-8, in a fingolimod-treated patient 
has been published [54]. Lastly, in 2015, when considering 
the risk of basal cell carcinoma, the EMA recommended 
medical evaluation of the skin before starting treatment, 
after at least 1 year, and then at least yearly during treat-
ment with fingolimod. Gilenya® must not be used in patients 
with either basal cell carcinoma or any other type of cancer. 
The SmPC provides clear information on the increased risk 
of lymphoma and cutaneous cancer, and recommended an 
annual dermatological check-up.

In France, The VIRGILE study, a 2-year pharmacoepi-
demiological study, including a medicoeconomic analysis, 
requested by French Health Authorities (HAS and CEPS), 
reported on 8 cancers in 1023 patients treated with fingoli-
mod, with one patient who died of lung cancer after 52 days 
of fingolimod, in contrast to two cancers among 321 patients 
treated with natalizumab [55]. To date, the difference is con-
sidered as non-significant, but it is mandatory to wait for 
definitive results.

4.3.5 � Cladribine (Mavenclad®)

Cladribine is a synthetic purine analog that is cytotoxic to 
lymphocytes and, to a lesser degree, monocytes and hemat-
opoietic cells. A large phase III study (CLARITY), which 
was subsequently extended, demonstrated its efficacy in 
RRMS [56]. Oral cladribine administered over 10 days (total 
dose 3.5 mg/kg) at years 1 and 2 induced prolonged non-
selective lymphopenia, which underlies its therapeutic effect. 
Cladribine was first authorized in Australia but the license 
was initially rejected by the EMA in 2013 due to a suspected 
increase in cancer risk. Numerous studies reported cancers 
after cladribine treatment in various indications other than 
MS [56, 57]. The pharmaceutical company decided to with-
draw the drug from the market and to perform additional 
studies before submitting it again for approval. Three cases 
of cancer occurred in patients treated with 3.5 mg/kg of 
cladribine (one melanoma, one pancreatic cancer, and one 
ovarian cancer) [58]. One choriocarcinoma was reported in 
the 5 mg/kg arm 9 months after the end of the study.

A meta-analysis of 11 phase III trials demonstrated that 
there was no evidence of a higher risk of cancer in patients 

with MS taking cladribine compared with IM or IS, includ-
ing dimethyl fumarate, fingolimod, natalizumab, alem-
tuzumab, or teriflunomide [59]. These data are supported 
by the long-term outcome of people with leukemia treated 
with cladribine in whom no increase in second malignancies 
was detected [60]. Despite its pharmacological genotoxicity 
potential, long-term studies on rodents and monkeys did not 
reveal increased carcinogenicity that could be extrapolated 
to humans.

As of 2017, Mavenclad® has been approved by the FDA 
and EMA for the treatment of active MS. The SmPC pro-
vides Information regarding increased cases of malignancies 
in treated patients compared with placebo-exposed patients. 
Caution should be paid when using Mavencald®, and long-
term follow-up of exposed patients may be proposed.

4.3.6 � Alemtuzumab (Lemtrada®)

Alemtuzumab is a humanized monoclonal antibody that 
depletes circulating lymphocytes by selectively targeting 
CD52, which is expressed at high levels on T and B lym-
phocytes. It is approved for the treatment of adults with 
active RRMS. No cancer cases have been reported in the 
French safety database to 31 March 2017 (there was one 
report of uterine fibroma, and one report of human papil-
lomavirus anogenital warts for neoplastic events). Analysis 
of Vigilyze® retrieved 527 cases to 31 March 2018, mostly 
lymphoproliferative syndrome (45) and underlying cancer 
progression (30). In the CARE-MS (Comparison of Alem-
tuzumab and Rebif Efficacy in Multiple Sclerosis) II 5-year 
follow-up, two malignancies (papillary thyroid microcar-
cinoma and melanoma) were reported in years 3–5. Over 
5 years, a total of four malignancies were reported (one 
case of thyroid cancer and one case of basal cell carci-
noma occurring in the core study) [61]. In CARE-MS I, 
over 5 years, a total of six malignancies were reported in 
alemtuzumab-treated patients (exposure-adjusted incidence 
rate of 0.3/100 patient-years). Two malignancies occurred in 
the core study (both papillary thyroid carcinomas), and four 
malignancies were reported in years 3–5 (n = 5; one each for 
breast cancer, keratoacanthoma, non-small cell lung cancer, 
and micropapillary thyroid carcinoma) [62]. Another case 
of melanoma was described but no direct imputability was 
drawn [63]. Caution regarding the theoretical risk of devel-
oping malignancies is mentioned in the SmPC.

4.3.7 � Natalizumab (Tysabri®)

Natalizumab, an α4 integrin antagonist that blocks attach-
ment to cerebral endothelial cells and thus reduces inflam-
mation at the blood-brain barrier, was approved by the FDA 
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in 2004. In the AFFIRM (nAtalizumab saFety and eFficacy 
In Relapsing-remitting Multiple Sclerosis) study, six cases 
of cancer were reported in association with natalizumab 
treatment—one case (<1%) in the placebo group and five 
cases (<1%) in the natalizumab group, but some patients 
had received DMT before natalizumab [64]. The five cases 
of cancer that occurred in natalizumab-treated patients 
included three cases of breast cancer, one case of stage 0 
cervical cancer, and one case of newly diagnosed metastatic 
melanoma. There was one case of basal cell carcinoma in 
the placebo group.

The last report of a postmarketing survey does not show 
an increase in expected cases of cancer with (to 1 December 
2011) 36 reports of cancers: breast (8), skin (4 melanoma, 2 
basal cellular carcinomas), hematological (2 chronic leuke-
mia, 2 lymphoma, 1 acute leukemia after mitoxantrone treat-
ment), and colorectal (3). Special attention has been given to 
the occurrence of melanoma. Neurologists have questioned 
whether there is a cause-and-effect relationship between 
the use of natalizumab and melanoma in MS patients [65]. 
Antibodies against α4 integrins could favor the locoregional 
spread of melanoma by downregulating the immune system. 
To date, by combining clinical trials and postmarketing data, 
the incidence of melanoma is estimated at approximately 
5/100,000 MS person-years treated with natalizumab. Lon-
gitudinal follow-up with videodermoscopy of natalizumab-
treated patients showed some modification in pigmented 
lesions, but no aggressiveness of known nevi [66].

To 31 March 2018, there were 3385 reports of malignan-
cies in VigiBase®, including 375 breast cancers and 150 
melanomas. In May 2015, 16 cases of central nervous sys-
tem diffuse large B-cell lymphomas (CNSL) were identified 
in association with natalizumab in VigiBase®, the WHO 
international database of suspected adverse drug reactions, 
from five countries [67]. Five isolated case reports of CNSL 
have been published, four of which were already present 
in VigiBase®. Analysis of these cases suggests that natali-
zumab may play a role in rapid progression of the CNSL. 
For other neoplasms, no distinct differences in the incidence 
rates has yet emerged from the provided data set, but malig-
nancies are an important potential risk, which is closely fol-
lowed in the risk management plan for natalizumab.

4.3.8 � Daclizumab (Zymbrita®)

Daclizumab is a humanized SC immunoglobulin (Ig) G1 
monoclonal antibody that has demonstrated efficacy in 
RRMS [68, 69]. It has a high-yield process, conferring a 
different glycosylation profile that leads to a reduction in 
cellular cytotoxicity. While the EMA approved daclizumab 
for the treatment of adults with relapsing forms of MS, due 
to safety concerns the FDA recommended use of daclizumab 
in patients who had an inadequate response to at least two 

first-line DMTs. Preclinical safety studies of carcinogenesis 
and mutagenesis have not been conducted. However, no 
pre-neoplastic or neoplastic tissue has been observed in two 
9-month studies performed with monkeys. In the first 3-year, 
open-label SELECTED extension study, published in 2016, 
clinical efficacy was sustained with a similar safety profile 
[70]. Nineteen of 2236 patients (0.8%; N = 19) had a malig-
nancy. No patterns in the types and rates of malignancies 
reported were observed. Since few safety data are available 
to date for MS patients, additional postmarketing pharma-
covigilance reports are necessary to assess further potential 
serious adverse events that can be associated with the use 
of daclizumab. In March 2018, the EMA recommended the 
immediate suspension and recall of the drug subsequent to 
12 reports worldwide of serious inflammatory brain disor-
ders, which may also be linked to severe immune reactions 
affecting several other organs.

4.3.9 � Ocrelizumab (Ocrevus®), Rituximab (Mabthera®)

Rituximab (Roche, Genentech), an anti-CD20 monoclonal 
antibody, has been prescribed off-label worldwide for many 
years for all types of MS; however, in March 2017 and Janu-
ary 2018, respectively, ocrelizumab, a humanized anti-CD20 
monoclonal antibody, was approved by the FDA and the 
EMA for the treatment of relapsing forms of MS (OPERA 
I and II) and primary-progressive (ORATORIO) MS [71, 
72]. To date, the OPERA trial has reported six malignan-
cies: mantle cell lymphoma and squamous cell carcinoma 
in the IFN-β-1a arm, and renal cancer, melanoma, and two 
breast cancers in the ocrelizumab arm. In the ORATORIO 
trial, 11 malignancies were reported in the ocrelizumab 
arm, compared with two in the placebo-treated patients. A 
Vigilyze® search on 31 March 2018 gave 3853 malignancies 
for rituximab-treated patients. Most cases related to hema-
tological cancers, such as myelodysplastic syndrome (362), 
acute leukemia (202), and lymphoma (197), but very few 
data related to MS patients. If considered as a class effect, 
the rate of serious infections and the incidence of malig-
nancies were not increased in rheumatoid arthritis patients 
treated with rituximab over a 9.5-year follow-up, which is 
quite reassuring [73].

The development of further phase III trials with other 
anti-CD20 monoclonal antibodies are ongoing: ofatumumab 
(Genmab/Novartis), a fully human anti-CD20 monoclonal 
antibody, is currently being evaluated in randomized, phase 
III, double-blind trials (ASCLEPIOS I and II), as is ublituxi-
mab (TG Therapeutics), a chimeric anti-CD20 monoclonal 
antibody that has been glyco-engineered to enhance the 
affinity for all variants of FcyRIIIa receptors and to increase 
the antibody-dependent cell-mediated cytotoxicity.



946	 C. Lebrun, F. Rocher 

4.4 � Off‑Label IS

4.4.1 � Azathioprine (Imurel®)

Azathioprine is a purine antagonist that affects DNA repli-
cation and the immune system in various ways. It impairs 
T-cell lymphocyte function and is more selective for T lym-
phocytes than B lymphocytes. Neurologists have used it off-
label for more than 30 years, before more specific DMTs 
become available. A review of seven clinical studies evaluat-
ing the effect of azathioprine in MS, up to 1989, concluded 
that it was efficacious in relapsing forms [74]. A total of 380 
cancer cases were reported in VigiBase® from 1972 to 31 
March 2018; 178 of these cases were basal cell carcinomas, 
155 were squamous cell carcinomas, and 125 were lympho-
mas in a population not restricted to MS patients.

Many publications on the potential malignant risk with 
azathioprine for label-exposed patients can be retrieved. 
However, conflicting conclusions on the potential risk of 
malignancy in MS patients with long-term azathioprine treat-
ment have been put forward [75]. A possible increase in risk 
was only reported for treatment duration beyond 10 years or 
over a 600 g cumulative dose [22]. A dose effect was also 
reported for myelodysplastic syndrome and cutaneous malig-
nancies after long-term treatment with azathioprine in MS.

Warnings on the risk of cancer with IS drugs such as 
azathioprine appear in the SmPC, particularly with regard 
to the risk of lymphoproliferative syndrome, cutaneous can-
cer, and uterine cancer. The identified risk factors include 
total time of treatment and intensity of immunosuppression. 
There is also mention of possible regression of non-Hodg-
kins lymphoma and Kaposi sarcoma. In fact neurologists 
should make patients aware of the possible increased risk 
of malignancy related to long-term (>10 years) treatment.

4.4.2 � Cyclophosphamide (Endoxan®)

Intravenous cyclophosphamide is used in progressive forms 
of MS, in view of its reported efficacy and safety in the 
short-term. This cytotoxic drug may expose patients to other 
autoimmune diseases or lymphoma, and to a dose-dependent 
long-term risk of bladder cancer [76]. Given its pharmaco-
logical mechanism of action, its carcinogenic potential is 
still to be reported, and the SmPC provides information on 
the risk of developing solid tumors as well as hematological 
disorders. In fact, 5273 cases of malignancies were reported 
in VigiBase® from 1971 to 31 March 2018; 642 were cases 
of myelodysplastic syndrome and 635 were cases of acute 
myeloid leukemia, but for patients treated for diseases other 
than MS and who received multiple treatment lines, includ-
ing antineoplastic drugs such as doxorubicin.

Cases of bladder cancer have been identified in a retrospec-
tive study of 2351 patients with MS. Seven (0.29%) patients 

had bladder cancer, six of whom had an indwelling catheter for 
>1 year, and one who had undergone intermittent catheteriza-
tion. Of the 70 patients who received cyclophosphamide, five 
(5.7%) had bladder cancer; these patients all had an indwell-
ing catheter [77]. High cumulative cyclophosphamide doses 
are associated with an increased risk of acute myeloid leuke-
mia and non-melanoma skin cancers, but this has not been 
demonstrated in MS. A French historical prospective study 
on a cohort of cyclophosphamide-treated MS patients studied 
the cancer incidence and compared it with the incidence in 
the general population by estimating SIRs [78]. Among 354 
patients with a median follow-up of 5 years (2-15), 15 devel-
oped solid tumors. The cumulative incidence of cancer after 
cyclophosphamide was 3.1% at 5 years, and 5.9% at 8 years. 
No increase in cancer incidence after cyclophosphamide treat-
ment was found. This negative result, apparently contradictory 
to the well-documented, dose-dependent toxicity of cyclophos-
phamide in other autoimmune diseases, may be explained by 
the fact that patients were limited to low cumulative doses, by 
systematic use of the uroprotective agent mesna, the patient’s 
behavior in lowering exposure to tobacco or alcohol abuse, or 
the decrease in genetic susceptibility of MS patients to devel-
oping cancer.

5 � Clinical Management of DMTs for MS 
Patients in Neurological Practice

In the 2018, ECTRIMS/EAN (European Committee for Treat-
ments and Research In Multiple Sclerosis/European Associa-
tion of Neurology) guidelines on the pharmacological treat-
ment of patients with MS, there is a topic that insists on the 
complexity of the treatment decision and follow-up of MS 
patients by the neurologist because of all the new drugs that 
are becoming available. The first edited recommendation stipu-
lates that the entire spectrum of DMTs should be prescribed in 
appropriate centers with adequate infrastructures. To promptly 
detect side effects (consensus statements), patients should be 
monitored closely [76]. Since patients receive IM or IS over 
a long period of time, safety issues, including monitoring for 
malignancies, must be addressed.

Despite the fact that some drug treatments do not involve 
an extensive check-up, it seems wise to recommend that MS 
patients have systematic dermatological and gynecological 
follow-up, as in the case of a chest x-ray for tobacco users, 
or a fecal blood test for people over 50 years of age.

Most DMTs are officially contraindicated if the MS 
patient has a history of cancer (with the exception of baso-
cellular carcinoma). Nevertheless, IFN-β and glatiramer 
acetate are allowed in this subtype of MS patients, but with 
reinforced follow-up. Generally, when a patient with MS is 
diagnosed with cancer, it is mandatory to discuss continuing 
DMT with the malignancy and to stop its use. If the can-
cer treatment includes chemotherapy, the cytotoxic drugs 
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used are, by class effect, active on MS; however, no stud-
ies confirm this. One of the trickiest questions for the next 
few years will be the integration of checkpoint inhibitors 
in the treatment of cancers, since they have been reported 
as being responsible for some fulminant forms of brain 
demyelination.

6 � Conclusions

A review of the literature indicated the need for careful 
screening of MS patients requiring therapy. No risk of 
cancer has been reported with immunomodulators. For 
immunosuppressors, adherence to risk management plans 
outlined by regulatory agencies is mandatory, with the aim 
being to either deplete the total lymphocyte population or 
to selectively act on an activated target of MS. Close fol-
low-up is required not only for all DMTs, such as fingoli-
mod, natalizumab, or alemtuzumab, but also the newest 
IS, such as dimethyl fumarate, teriflunomide, daclizumab 
and ocrelizumab, and future upcoming IS drugs. Since the 
benefits are balanced by potential harmful effects, strin-
gent follow-up of patients treated with IS as a target-to-
treat strategy is recommended. DMTs could trigger can-
cer, therefore MS patients should have regular check-ups, 
focusing on monitoring the skin and breasts. MS patients 
have regular urinary tests and blood tests (hematological, 
thyroid) and brain MRIs as mandatory follow-up measures 
for some drugs. Consensual recommendations made by 
experts should be adopted, avoiding switching treatments 
for convenience. This has been clearly reinforced in the 
2018 guidelines for DMT by the American Academy of 
Neurology (Fig. 1) [80]. Factors including long-term DMT 
use and family history should be considered during clini-
cal monitoring of MS patients, including discussion about 
the risks of cancer. A strict long-term follow-up must be 

planned to avoid life-threatening conditions, including a 
long-term safety registry for all patients who participate 
in clinical trials for drug development.
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